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SUMMARY 
A fog-type dust collector utilizes principles of the cyclone as 
well as those of spray scrubbers. The construction is such that water 
sprayed into the chamber can induce quantxtites of air in a spiral path. 
Due to impaction and centrifugal effects water drops (and solids) are 
removed from the gas strewn which reaches a high degree of saturation 
with water vapor depending upon operating conditions. 
This investigation was conducted to study (l) the effect of 
spray-pressure water flow rate and air volume on moisture carryover, and 
(2) the effect of spray pressure and water flow rate on induced air flow. 
Moisture carryover is not a problem exclusive to the fog-filter but is 
peculiar to almost all of ~he wet type cleaners including dynamic types 
as well as packed towers, air washers, and wet filters. 
A fog-filter of given geometry was set up for the test with 
necessary pumps, thermometers, and fan to determine the specific humidity 
of air. Wet and dry bulb uhermometer readings were recorded at entry and 
exit points and the dew point temperature of air leaving the spray was 
also recorded, 
For the induced air flow phase of the test, spray pressure and 
water flow rate were varied. Runs lasted for ten minutes during which 
three readings were taken and averaged. For the moisture carryover test, 
air flow, spray pressure, and water flow rate were varied. The same 
timing was used. 
Air flow increased with pressure and water flow rate, reaching a 
vim. 
maximum for the given geometry of 2ll. cu. ft/min at a spray pressure of 
600 psig and a water flow rate of 2.37 cu. ft/min. Water flow was found 
to vary according to 
Q = KNPn 
where Q = nozzle bank wate:" flow rate cu. ft/min 
K = dimensional cons' bant = 0.0111+ 
n = p re s su re exponent = 0,631 
P = p re s su re (ps ig ) 
N = number of nozzle banks in operation. 
Moisture carryover was found to vary with pressure and air flow 
in the following mannei : 
CO = xP*1 
where x and m are functions that vary with air flow 
CO = carryover lb. moisture/lb. air 
P = pressure (psig). 
Entrainment seemed 'bo be independent of the number of banks 
operating, as one single curve represents the trend of the data for four 
banks as well as for one bank. The entrainment results would be more 
valuable if there were ava:.lable data for comparison of the entrainment 
with the efficiency of the fog filter at the same operating conditions. 
It is recommended that a study of the efficiency of the fog filter 
be made at low, medium, and high dust loads. An investigation of the fog 




The fog-type air cleaner of the type used in this investigation 
is manufactured by the Saran lined Pipe Company and the R. C. Mahone 
Company under the trade names "Fogitron" and "Fog Filter." Other fog 
devices are being manufactured which differ in geometry and method of 
atomizing the water. 
This device, hereafter called the fog-clone in deference to the 
trade names, utilizes principles of the cyclone as well as those of spray 
scrubbers. The construction is such that water sprayed into the chamber 
can induce quantities of air in a spiral path. Due to impaction and 
centrifugal effects, water drops (and solids) are removed from the gas 
stream which reaches a high degree of saturation with water vapor 
depending upon operating conditions. 
By placing a number of banks of nozzles inside a round vertical 
tower and pointing them horizontally in the same angular direction, the 
combined effect is to rotate all of the air mass in the tower about its 
axis and at high angular velocity. The resulting centrifugal force 
causes particles large enough to be effected by it to be thrown to the 
wall of the tower. At the wall these particles become part of the 
liquid effluent draining to the base cone, from which the effluent is 
pumped to a recirculating tank or sump. The force of the high pressure 
spray particles impinging upon the chamber wall continuously sccurs it 
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and prevents caking of solids on tower walls. 
The Problem.—The purpose of this investigation was to study the effect 
of spray pressure and water flow rate on induced air flow and the effect 
of spray pressure, water flow rate and air flow on moisture carryover 
and moisture entrainment in the fog-clone. For a clear definition of 
the terms used herein you are referred to the Glossary in Appendix C. 
Except for rather incomplete data on efficiencies of the fog-
clone in removing particular air contaminants, little is known about the 
effect of geometry on its performance. Even for a given geometry the 
literature does not give the effect of air flow rate, water pressure and 
water flow rate on moisture entrainment nor the effect of water pressure 
and flow rate on induced air flow. 
Moisture carryover is not a problem exclusive to the fog-clone 
but is peculiar to almost all of the wet type cleaners including dynamic 
types as well as packed towers, air washers, and wet filters. 
Objective.—The objective of this investigation is two fold. First, it 
is desired to explain the ''pumping action" of the water spray in terms 
of its pressure and volumetric flow rate. Second, the prediction of 
moisture entrainment in terms of the three principal variables—air and 
water flow and water pressure—is sought. 
The achievement of these objectives may well permit (l) evaluation 
of the fog-clone as a cooling tower and (2) reasonable estimates as to 




Previous Work.—Kernan in 1952 submitted a t the Georgia I n s t i t u t e of 
Technology a thes i s on the fog-type dust co l l ec to r . He studied the 
collection efficiency of the collector for low concentrations of kaolin 
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dust but because of equipment failure his data is limited. Thomas 
presented a paper in 1952 on the effectiveness of the fog filter as an 
air cleaner. Neither of these two analyses provided information on 
induced draft or moisture entrainment in the air discharged. A litera-
ture search made by Kernan and Thomas showed that there is little 
published on moisture carryover and moisture entrainment from a scrubber 
of this type. Kropp used a fog filter of the same design to control 
hydrogen sulfide and fatty acid odors. Here again the object is evalua-
tion of the unit as an air cleaner. He found the filter to be more 
efficient at a fume rate of 800 to 1000 cu. ft/min with a water rate of 
20 gal/min at 1+00 psig. He also used scrubbing liquids such as soda 
ashj recycled water and caustic soda. He does not mention entrainment 
or carryover of the scrubbing mediuin. 
CHAPTER II 
APPARATUS 
The Air System.—The apparatus used by Kernan served as the basic equip-
ment for this investigation although a number of modifications and some 
additional equipment were necessary to make the apparatus meet new 
requirements. Figure 1 and Figure 2 show the general layout of the 
equipment. 
Air is induced into the system by a Buffalo Forge Company paddle-
wheel type fan through a 90 degree elbow and 2 7 diameters of horizontal 
eight inch duct. The moisture laden air emerging from the spray entered 
a fin type unit heater after passing through two diameters of vertical 
duct and a 90 degree elbow. After leaving the unit heater, the air 
passes through 15> diameters of horizontal eight inch duct, a 90 degree 
elbow and four diameters of vertical eight inch duct into the fan from 
which it is discharged to the atmosphere. 
The Water System.—A John Bean Triplex Pump supplied the water to the 
nozzle banks. Since the pump discharged a constant volume of water,, 
spray pressure is controllad by a spring loaded by pass relief valve. 
An air chamber is used to absorb pressure surges of the pump. A Gould 
centrifugal pump is used to move the water from the fog-clone cone to 
the recirculation tank (hereafter called the reservoir) located under 
the high pressure pump. City water is also piped to the reservoir in 
order to provide makeup water and supply the initial volume of water, 
A small gear-type feed water pump attached to the reservoir i s used for 
emptying when necessary. Water was rec i rcula ted throughout the t e s t 
described here. 
The Fog-clone.—The fog-clone i s of sheet metal construction with diam-
eter of three feet and height of four f ee t . Five rows of six nozzles 
each are spaced throughout the height of the fog-clone in p a r a l l e l 
horizontal planes. These discharge a t a common angle of approximately 
h$ degrees from the radius toward the center of the tower concurrent 
with ro ta t ion of a i r in the chamber. John Bean number 2-1/2 hard 
center nozzles are used. A gate valve for each bank of nozzles provides 
shut-off control of the water flow to the nozzles. 
The eight inch diameter a i r entrance duct was arranged tangent ia l 
to the outer casing a t the top of the fog-clone and a t a downward angle 
of approximately 30 degrees from the hor izontal . The eight inch diameter 
a i r discharge duct was arranged concentric to the outer casing and 
extended down into the col lector for a distance of UO inches ending in a 
bell-shaped opening. 
A conical funnel (called the cone) i s attached to the base of the 
fog-clone with metal screws and sealed against a i r and water leaks . The 
water flows from the cone in to the c i rcula t ing pump. 
Instrumentation.—A thin p la te or i f ice made and cal ibrated by Thomas 
was checked and found to comply with the ASMS fluid meters repor t . 
This or i f ice i s located on the intake side of the col lector 17 diameters 
from the intake and 10 diameters from the fog-clone. Four flange taps 
located around the periphery of the duct on each side of the or i f ice are 
connected to a common tube. These flange taps as well as the location 
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of the orifice conform with ASME specifications. 
The wet and dry bulb method is the most widely used today to 
determine the state of air and water vapor mixtures. Errors in tempera-
ture vary from one to ten percent depending on air movement and radia-
te 
tion. Wet bulb methods are acceptable in air conditioning work and are 
easily adapted to almost any situation. 
Wet bulb thermometers are placed at the entrance of the intake 
duct and before the 90 degree elbow on the discharge side. A standard 
thermometer is placed in the duct just above the collector but well 
below the center line of the heater to cut down the effect of radiation. 
The temnerature after the spray is taken as the dew point temperature. 
The temperature of spray water is taken in the reservoir from a thermom-
eter suspended in it. 
An alcohol micromancmeter is connected across the orifice to 
measure air flow and a by pass system consisting of two eight inch diam-
eter positive shut-off slide dampers were used to regulate the air flow 
through the fog-clone. 
A commercial water meter is placed between the centrifugal pump 
and the reservoir to measure the water flow. A bourdon pressure gauge 
with a range of zero to 800 pounds per square inch is installed on the 
nozzle bank manifold. 
Heater.—Since the a i r leaving the fog-clone i s suspected of containing 
entrained moisture i t i s necessary to provide some means for determining 
the magnitude of the entrainment. Several means were considered among 
which were chemical absorption, refrigeration, and reheating. The last 
method was selected since it required less equipment and appeared to be 
more accurate for this test. A unit heater supplied with low pressure 
steam was selected to heat the air. 
The unit heater in the line increased the air temperature enough 
to evaporate the entrained moisture and give a measurable wet bulb 
depression. The heater is placed adjacent to the fog-clone just after 
the 90 degree elbow in the discharge line. The heater steam is obtained 
from the building heating supply. 
Miscellaneous Equipment.—A barometer, stop watch and several thermom-
eters are used in conducting the test. 
CHAPTER III 
PROCEDURE 
Induced Air Test.—Water flow rate is a function of spray pressure and 
the number of banks in operation. During the tests spray pressure was 
varied from 100 psig to 600 psig at 100 psig intervals. The apparatus 
is the same as used in the moisture carryover test, with the exception 
that the discharge duct and heater are removed. 
The high pressure pimp is started with all four nozzle banks 
open. Next the centrifugal circulating pump is started. Wet and dry 
bulb thermometers are placed at the intake and discharge side of the 
fog-clone. The alcohol micromanometer is set up to read the pressure 
drop across the orifice. A thermometer is placed in the reservoir to 
record spray temperature. The relief valve on the high pressure pump is 
adjusted so as to obtain the desired spray pressure. Sufficient time is 
allowed for the temperature to reach equilibrium. The stop watch is 
started simultaneously with the reading of the water meter. The pressure 
drop across the orifice is recorded and all thermometers are read. At 
the end of five minutes and again at ten minutes all readings are 
repeated and recorded. This procedure is repeated at the same pressure 
with three, two and one nozzle bank in operation. Then the pressure is 
increased 5*0 pounds and the process reoeated. 
Moisture Carryover.—The equipment is arranged as described in Chapter 2. 
Air flow, water flow, and water pressure are varied in this phase of the 
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test. Air flow ranged from 200-800 cubic feet per minute. Water 
pressure from 100-600 pounds per square inch gauge and water flow varied 
from 0.28-2.37 cubic feet per minute by operating one to four banks at 
various spray pressures. 
The sequence of setting up the test is as follows: Steam is 
turned on for the heater, high pressure pump started, fan turned on, and 
circulating pump started. The two way damper is regulated to obtain the 
desired air flow. Next the high pressure pump relief valve is regulated 
to obtain desired pressure. Time is allowed for thermometers to reach 
equilibrium. The stop watch is started as the water meter is read. 
Spray pressure and air flow are held constant as the nozzle banks are 
varied from one to four. F:uns last ten minutes with readings taken at 
zero, five and ten minutes. After this pressure is held constant, air 
flow increased, and the above repeated. This procedure is continued 
until the entire range is covered. Temperatures of air in, air after 
spray, air out, and spray water temperature are taken, the water flow 
recorded and the barometer read. Now pressure was increased to the next 
range and the cycle repeated. 
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CHAPTER IV 
DISCUSSION OF RESULTS 
Induced Air Flow.—The effect of spray pressure on induced air flow is 
shown in Figure U. All curves follow the sane general trend. Water flow 
depends on spray pressure as well as number of nozzle banks in operation. 
As spray pressure is increased water flow increases. The equation 
governing water flow was written 
Q = KNPn 
where Q = bank flow in cu. ft/min 
K = dimensional constant = O.Ollli. 
N = number of banks 
P = nozzle pressure 
n - pressure exponent = 0.631. 
The appearance of N is due to the fact that there are six nozzles on each 
bank, and an increase from one bank to two banks doubles the water flow 
rate, etc. The curve for one nozzle bank. Figure 3, was plotted by tak-
ing the water flow rate four four, three and two nozzle banks and 
dividing by four, three and two, respectively. The results were then 
plotted along with the water flow rate for one bank and the curve fitted 
to the data. The induced air flow Increases as expected, that is, the 
th 
higher the velocity of spray (this increased with the n root of the 
pressure where n = 1/2) and the greater the flow of water, the more 
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induced air. The curves seem to flatten out around 600 psig, probably 
due to 
(1) Drop size becoming smaller, hence drag per particle 
diminishes, although the total number of drops increases. 
(2) Mean velocity difference between drop and air stream 
diminishes raoidly with decreasing drop size. 
Hoisture Carryover.—Moisture carryover was found to vary with air flow 
and spray pressure according to the following equation: 
CO = xf1 
where CO - carryover lb2 ******* 
-Lo. air 
x = coefficient for a given air flow 
P = spray pressure (psig) 
m = pressure exponent for a given air flow. 
The variation of x and m are given below: 
^ ~i T* T*1 "1 0TAT 
Ou.Ft/Min
 2 0 ° :]0° ^00 ";°° 6°° 7°° 
x 0.003U 0.0075 0.0695 0.0)403 0.0366 0.0012 
m +0.255 +0.111 -0.327 -0.221 -0.228 +0.321 
No single equation was obtained to re la te a i r flow, water flow and spray 
pressure to moisture carryover. Moisture content of entering a i r w i l l 
def in i te ly have an effect on carryover'. 
rToisture Sntrainment.—The r e su l t s of the entrainment evaluation are 
given in Table 3 . No means of correlat ing th i s data was found, but 
Figure 5 and Figure 6 are curves of Entrainment vs Air Flow at !|00 :\n"i 
" 
£00 psigj respectively. As stated previously the number of nozzle banks 
does not have an appreciable effect on entrainment, so the curves shown 
are trends rather than point-to-point curves. 
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CHAPTER V 
CONGLUoIOWS AMD RECOMMENDATIONS 
Conclusions.—The lack of available data for comparison leaves only one 
alternative, that is, to draw conclusions from the results of the tests 
alone. It must also be realized that geometry influences this problem, 
just how much is beyond the scope of this thesis. 
The conclusion can be drawn from the air flow curves that with 
four and three banks in operation the induced air flow takes a sharp 
increase at 300 psig and seems to level out at the maximum peak of 2lh 
cu. ft/min. This peak was reached at a spray pressure of 600 psig and a 
water flow rate of 2.37 cu . ft/min. At higher pressures (greater than 
300) there was not an appreciable difference between one bank and two 
banks whereas the difference between two, three and four banks was 
noticeable. This lea'::, to the conclusion that the greater number of 
nozzle banks the greater the induced air flow. This would no doubt reach 
a maximum, but just where has not been determined. 
It can be concluded that entrainment at the higher air flows Is 
high for low pressures, but reaches a minimum at U00 psig, and then rises 
again. Entrainment at low air flows seems to be fairly independent of 
spray pressure. Figure 5 and Figure 6 show that entrainment is almost 
independent of water flow rate, or rather number of nozzle banks in 
operation. A trend curve plotted for a test pressure of 1+00 and 500 psig 
revealed that all points are very close together for any number of nozzle 
Ih 
banks used. 
Water loss from carryover can be determined by the equatio s 
included in the discussion of results. This may be important in cooling 
tower considerations where the determination of the amount of makeup 
water for the fog-clone may be required. 
Recommendations.--There are many variables that affect the performance of 
the fog-clone. Here we have investigated induces air flow, carryover, 
and entrainment. For the best evaluation of the data contained herein, 
investigation should be given to a study of the efficiency of the fog-
clone at the same operating conditions; further, a comparison with the 
carryover and entrainment would be in order. This work was done in the 
moderate pressure and air flow range; higher air flows and pressures are 
yet to be investigated. Geometry, location of banks, size and design of 
nozzles, and air flow path were fixed for this test. Perhaps these items 
should be investigated before any set characteristics can be tabulated 
as to factors that control the design of fog-clones. Before the fog-
clone can be successfully engineered to the job, more information needs 
to be formulated. 
The practicability of the fog-clone as a packaged cooling tower 
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Table 1. Experimental Data for Induced Air Flow 
Number Water Water Air Flow Barometer Duration 
of Banks Pressure Flow Cu.Ft/Mn In. Hg. of Run 
psig Cu.Ft/Min Min 
U8 29.05 10 
5U 28.87 10 
61 28o87 10 
67 28.87 10 
88 28o87 10 
l5o 28.87 10 
15k 28.87 10 
175 28.93 10 
190 29.10 10 
212 28.93 10 
211; 29«20 10 
k2 29.05 10 
50 28.87 10 
56 28.87 10 
$9 28.87 10 
Ik 28.87 10 
76 28.87 10 
8k 28.87 10 
88 28.93 10 
135 29.10 10 
lA 29.10 10 
155 29.20 10 
37 29.05 10 
k2 28.87 10 
k6 28.87 10 
50 28.87 10 
66 28.87 10 
66 28 .87 10 
67 28.87 10 
75 28.93 10 
78 29.10 10 
80 29.10 10 
82 29.20 10 
k 100 1.16 
k i5o 1.29 
k 200 1.U0 
k 250 1.58 
k 300 1.71 
k 35>0 1.92 
k Uoo 1.98 
k l*5o 2.15 
k 5oo 2.25 
k 55o 2.30 
k 600 2.37 
3 100 0.83 
3 i5o 1.00 
3 200 1.22 
3 250 1.29 
3 300 1.3k 
3 350 1.1*3 
3 koo 1.9+ 
3 k$o 1.6k 
3 500 1.72 
3 550 1.83' 
3 600 1.85 
2 100 0.56 
2 150 0.66 
2 200 O.7I1 
2 250 0.82 
2 300 0.89 
2 350 O.96 
2 I; 00 i.ck 
2 k$o 1.10 
2 500 1.15 
2 550 1.2U 
2 600 1.27 
Table 1 (Contd.). Experimental Data for Induced Air Flow 
Number Water Water 













Air Flow Barometer Duration 
Cu.Ft/Min In. Hg. of Run 
Min 
37 29.05 10 
37 28.87 10 
37 28.87 10 
U2 28.87 10 
61 28.87 10 
50 28.87 10 
51 28.87 10 
6l 28.93 10 
62 29.10 10 
7U 29.10 10 
7U 29.20 10 
Table 2 . Experimental Data for Moisture Entrainment 
Number Water Air Flow Water Barometer Air In Air Air Out 
of Banks Pressure Cu.Ft/Min Flow In.' Hg. . t* t After t« t 
psig . Cu.Ft/Min °F °F Soray °F °F 
k 100 200 1.20 29.08 50 63 62 8U 126 
k 100 300 1.22 29.08 52 65 62 90 120 
k 100 LLOO 1.21 29.08 52 66 61 89 111; 
k 100 £00 1.21 29.08 55 70 61 86 109 
k 100 600 1.22 ,29.08 5k 69 6o 83 105 
k 100 700 l . l U 29o22 52 69 51 72 101 
k 100 800 1.17 29.15 56 76 61 73 102 
3 100 200 0.96 29.08 51 61 62 87 126 
3 100 300 0*96 29.08 52 65 62 89 119 
3 100 Uoo 0.93 29.08 52 66 60 89 113 
3 100 £00 0.92 29.08 55 70 61 86 109 
3 100 600 1.01 29.08 5k 69 59 83 105 
3 100 700 0.9h 29.22 52 68 56 72 100 
3 100 800 0.89 29.15 56 76 61 73 102 
2 100 200 0.63 29.08 51 6k 62 88 126 
2 100 300 0.62 29.08 52 6k 61 88 119 
2 100 Uoo 0.62 29.08 53 61 60 89 113 
2 100 5oo 0.62 29.08 55 71 62 86 110 
2 100 600 0.59 29.08 5k 68 58 82 10ii 
2 100 700 0.62 29.22 52 68 56 71 100 
2 100 800 0.59 29 .15 56 76 61 72 102 
1 100 200 0.32 29-08 51 6k 62 89 127 
1 100 300 0.32 29.08 51 6k 59 85 118 
1 100 I L O O 0.31 29.08 5k 68 59 89 112 
1 100 £00 0 .31 29.08 55 71 60 85 110 
1 100 600 0 .31 29.08 5k 68 58 82 10!L 
1 100 700 0.30 29.22 52 68 56 70 100 
1 100 800 0.28 29 .15 56 76 62 72 102 
Table 2 ( C o n t d . ) . Experimental Data fo r Moisture Entrainment 
Number "Water Air Flow Water Barometer Air In Air Air Out 
of Banks Pressure Cu.Ft/Min Flow I n . Hg. t ' t After t ? t 
p s ig Cu.Ft/Min *F °F Spray *F °F 
°F 
U 200 200 loU5 29=22 58 72 6o 88 129 
h 200 300 1.U3 29-22 % 69 66 I? 120 
' 200 Uoo l.hl 29.lU $3 66 62 87 115 
h 200 5oo 1.U7 29.lU 5o 62 60 P2 108 
h 200 600 1.U6 29.08 ;u 67 6o 80 105 
I 200 700 l . W 29.22 5 i 6Ji 57 V 100 
h 200 800 1.U7 29.15 ^ 70 62 73 100 
I 200 200 1.25 29-22 58 72 66 88 130 
200 300 1.17 29.22 56 70 66 :)3 121 
3 200 Uoo 1.25 29.1U 52 66 62 8 7 i i 5 
: 200 5oo 1.10 29 . lU 50 63 S9 82 108 
• 200 600 1.25 29-08 9u 67 57 81 105 
3 200 700 1,23 29.22 51 68 57 72 100 
3 200 800 1.12 29.15 ^ 12 61 73 100 
2 200 200 0.81 29-22 57 73 69 87 131 
; 200 300 o.8o 29.22 ^ 70 66 83 121 
2 200 Uoo 0.87 29. lU 52 65 61 86 115 
2 200 5oo 0.85 29-lU 51 63 58 82 108 
2 200 600 0.8U 29.08 5U 67 60 82 105 
2 200 700 0.83 29.22 51 68 57 72 100 
: 200 800 0.81 29-15 ^ * 59 72 100 
l 200 200 O.Ul 29.22 57 : • 67 85 128 
i 200 300 0.U2 29.22 57 % 65 82 120 
i 200 Uoo 0.U3 29-lU 52 6U 58 85 113 
i 200 500 o.Ui 29.lU 52 6U 57 82 107 
; 200 600 0.U2 29.08 5U 68 58 82 10U 
i 200 700 0 1*3 29o22 51 68 $6 71 100 
] 200 800 0.39 29-15 ^ 7U 5? 72 100 
Table 2 (Contd.). Experimental Data for Moisture Entrainment 
Number Water Air Flow Water Barometer Air In Air Air Out 
of Banks Pressure Cu.Ft/Min Flow In. 1%. t* t After V- t 
psig CuoFt/Hin °F °F Spray CF CF 
*F 
U 300 200 1,72 29 -15 58 72 79 90 1 3 1 
h 300 300 1 .71 2 9 . 1 5 58 79 72 88 12k 
U 300 Uoo 1.70 2 9 . 1 0 5k 65 67 • " • • 5 116 
h 3 on £oo l . ? U 2 9 . 1 0 55 68 65 82 111 
k 300 6oo 1.75 2 9 . 1 0 56 70 6U 19 108 
h 300 700 1 .73 29*3$ U8 62 57 71 99 
J 300 200 1.38 29.15 58 72 73 00 1 3 1 
3 300 300 1.1*6 29.15 58 72 72 89 125 
300 Uoo 1.35 29.10 5U 65 66 85 116 
3 300 5oo 1.32 29.10 55 6a 65 82 111 
300 6oo 1.3U 29-10 56 70 m 78 108 
3 300 700 1.3U 29.35 U8 02 5b ?Q 98 
2 300 200 0 .98 29.15 58 79 73 90 130 
2 300 300 0 . 9 8 29.15 58 n 72 88 125 
2 300 Uoo 1.00 29.10 5U 65 t5 8U 115 
r 300 5oo 1.00 29.10 5U 67 6U 8 1 113 
2 300 600 0 . 9 8 29.10 56 70 62 r8 107 
r 300 700 1.00 29.35 U8 63 55 70 98 
i 300 200 0.U9 29.15 58 n 72 89 130 
1 300 300 0.1*9 29.15 58 72 70 87 12U 
. 300 Uoo 0.55 29.10 5h 66 63 83 115 
:. 300 5oo 0.1*9 29.10 5U 66 62 8 1 111 
i 300 600 0.U9 29.10 56 70 62 77 107 
i 300 700 0oU8 29.35 5h 70 57 71 100 
Table 2 (Contd.)* Experimental Data for Moisture Entrainment 
Number Water Air Flow Water Barometer Air In Air Air Out 
of Banks Pressure Cu.Ft/Mrln Flow In, Hg. tT t After tT t 
p s ig Cu.Ft/Mn °F °F Spray °F °F 
°F 
4 UOO 200 1.95 29.08 52 6U 71 00 129 
U UOO 300 2„05 29.08 ;>2 6U 67 85 -}OQ 
4 )400 Uoo 1.98 29.08 ^ 6U 65 8 1 115 
h kOO .5oo 1-99 29.08 ^ 6k 63 19 110 
h 400 6oo 1.97 29*08 52 65 6U 78 107 
h Uoo 700 2 .01 29.35 55 7U 63 75 io5 
3 Uoo 200 1.5U 29.08 52 6U 71 89 128 
3 400 300 1*53 29.08 52 6U 67 85 1 2 1 
3 400 400 1.5k 29.08 52 6U 65 81 115 
3 Uoo 5oo 1.53 29.08 52 6U 63 /8 109 
3 Uoo 600 1.52 29.10 56 73 67 80 n o 
J Uoo 700 1.55 29.35 55 7U 63 75 105 
2 UOO 200 1.13 29-08 52 (h 70 c-9 130 
2 400 300 1.1U 29.08 52 6U 66 85 121 
: Uoo Uoo 1.15 29.08 52 6U 6U 8 1 115 
2 Uoo 5oo 1.09 29.08 52 6U 62 78 109 
r1 Uoo 6oo 1.1U 29.10 57 72 65 80 110 
2 Uoo 700 1.15 29.35 55 72 6: 7U 103 
1 Uoo 200 0.56 29.08 52 6k 67 87 129 
Uoo 300 0.56 29.08 52 6k 6U 8U 121 
1 Uoo Uoo 0,57 29.08 52 6U 6? 80 l i U 
1 Uoo 5oo 0.55 29.08 52 6U 60 108 
1 Uoo 6 oo 0.56 29.10 56 72 6U 70 109 
: Uoo 700 o„56 29.35 5U 72 59 72 102 
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Table 2 (Contd.). Experimental Data for Moisture Entrainment 
Number Water Air Flow Water Barometer Air In Air Air Out 
of Banks Pressure Cu.Pt/Hin Flow In. Hg. ts t After t1 t 
psig Cu.Ft/Kin °F °F Spray °F °F 
h 5oo 200 2.19 29.08 52 6k 73 92 131 
k Soo 300 2.22 29.10 50 63 70 88 122 
h 5oo hoo 2.22 29.10 50 62 68 85 116 
k 5oo 5oo 2.19 29.10 50 6k 6k 80 111 
k 5oo 600 2 .20 29-26 <k n 65 76 106 
k 5oo 700 2.17 29.26 $h tx 63 )< 105 
3 5oo 200 1.70 29.08 52 0 4 ? , 91 129 
3 5oo 300 1.7U 29.10 50 03 70 88 122 
3 5oo Uoo 1*71 29.10 50 63 67 8U 116 
i 5oo 5oo 1.70 29.10 50 6k 65 80 110 
3 5oo 6oo 1.70 29.26 5U 73 65 76 107 
3 5oo 700 1.70 29-26 5k 7h 63 !: 105 
2 5oo 200 1.25 29.08 51 63 72 91 130 
2 5oo 300 1.29 29 = 10 50 63 69 87 122 
:". 5oo Uoo 1.25 29.10 5o 6)4 65 83 115 
• " : 5oo 5oo 1.29 29.10 5o a i 6U 80 111 
' • ' 5oo 600 1.27 20.26 53 72 61: 76 107 
.. 5oo 700 1.25 29.15 $k 70 61 :h 103 
1 5oo 200 0.62 29.08 51 71 71 90 130 
1 5oo 300 0.63 29.10 51 66 66 86 121 
1 5oo IlOO 0,62 29.10 5o 63 63 82 115 
t 5oo 500 0.63 29.10 50 62 62 79 110 
1 5oo 600 0.63 29.26 S3 62 62 1$ 106 
! 5oo 700 O.6I4 29.26 S3 61 61 7h 10U 
32 
Table 2 (ContcL)* Experimental Data for Moisture Entrainment 
Number Water Air Flow Water Barometer Air In Air Air Out 
of Banks Pressure Cu-Ft/Min Flow In, Hgo t' t After t" t 
psig Gu.Ft/Hin °F °F Snray °F °F 
k 600 200 2 . 3 7 2 9 . 2 0 58 75 76 89 133 
I 600 300 2 - 3 7 2 9 . 2 0 57 77 77 88 129 
h 600 too 2 . 3 7 2 0 . 2 0 ^ 77 73 85 122 
h 600 5oo 2 , 3 6 2 9 . 2 0 58 77 73 83 117 
k 600 600 2 . 3 5 29 = 20 58 77 ?.! 8 1 113 
h 600 700 2 . 3 7 2 9 . 2 0 58 77 70 79 109 
3 6oo 200 1.88 29*20 5G 73 78 90 135 
3 6oo 300 1.88 2 9 . 2 0 ',0 73 71:. 85 125 
3 600 IlOO 1 .87 2 9 . 2 0 60 7U 78 85 122 
I 600 5oo 1.88 2 9 . 2 0 ^0 Ih 71 82 117 
3 600 6oo 1.88 2 9 . 2 0 60 7k 70 80 112 
3 600 700 1 .87 2 9 . 2 0 $6 75 68 78 108 
I 600 200 1.23 2 9 . 2 0 •so 73 80 90 135 
\ 600 300 1 ,23 2 9 . 2 0 60 73 79 88 128 
I 600 Uoo 1.23 2 9 . 2 0 60 73 11 86 I2h 
2 600 5oo 1.28 2 9 . 2 0 60 73 7S 85 119 
2 600 6oo 1.26 2 9 . 2 0 60 73 7? 8 1 113 
' 600 700 1.32 2 9 . 2 0 60 73 70 80 109 
1 6oo 200 0 . 6 5 2 9 . 2 0 60 73 19 89 135 
1 600 300 0 .72 2 9 . 2 0 >.. 71 73 85 126 
1 600 Uoo 0 .72 29o20 >7 70 65 8 1 118 
1 600 5oo 0 . 7 0 2 9 . 2 0 57 70 68 80 l l l i 
, 600 600 0 . 7 1 29o20 % 70 67 78 110 
L 600 700 0 . 6 7 2 9 . 2 0 57 70 66 77 106 
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Table 3. Experimental Results for Moisture Entrainment 
100 psig 
Banks Air Flow Air Flow Air In Air Air Out Carryover E n t r a i n -
Ou.Ft/Min Lb. Ai r /Mi n Lb. Ka t e r Af ter Lb .Water Grains ment 
Lb0Air Spray Lb.Air Water Grains 
Lb.Water 
Lb.Air 
4 200 1 4 . 5 7 ,oo49 , 0123 ,0163 1163 4o8 
4 300 2 1 , 7 1 .oo56 .0123 .0250 29U0 1933 
4 Uoo 2 8 . 8 8 .0053 .0118 .0242 3810 2 500 
h 500 3 5 . 8 0 .0060 .,0118 o0225 U070 2620 
h 600 h3» 00 . 0057 ,ou4 ,0202 4260 2 305 
h 700 50.60 0046 ,0102 , 010? 2130 177 
h 800 56.80 .0052 .0118 .0113 2420 0 
3 200 lli. 5o .0052 .0123 .0197 1417 753 
~> 300 2 1 . 6 7 .0055 .0123 . 0225 2580 1550 
400 2 8 . 8 8 .0053 .oiik .0254 4o$o 2850 
3 5oo 3 5 . 8 0 . 0 0 6 1 .0118 .0224 4120 2660 
3 600 4 3 . 0 0 Ooo57 .0110 .0202 4360 2 774 
3 700 5 0 . 7 0 .0048 .0098 .0109 2165 425 
3 800 5 6 . 8 0 .0053 .0118 .0113 2420 0 
J 200 Hi. 55 .0052 .0123 .0228 1791 1070 
2 300 2 1 . 8 0 .0034 .0118 . 0225 2918 1632 
- 4oo 2 8 . 8 0 .0022 .0114 .0252 4?4o 2 780 
2 5oo 35.85 .0058 .0123 .0224 4165 2540 
2 600 4 3 . 0 0 .0059 .0106 .019)4 4065 2645 
2 700 5o.8o .0049 .0098 .0101 1882 105 
•l 800 56.70 .0052 .0118 .0105 2100 0 
1 200 34.55 .0052 .0123 .0219 1702 976 
i 300 2 1 . 8 5 .0052 .0110 .0194 2177 1288 
1 4oo 2 8 . 8 0 .0059 .0110 .0255 39hS 2921 
1 5oo 35*90 .0068 .0114 .0213 30UO 2485 
1 600 4 3 . 0 0 .0059 .0106 .0194 4060 2654 
.: 700 5 0 . 8 0 ,oo48 .0098 .0099 1603 3S 
I 800 56.70 .0052 .0122 .0105 2060 c 
3), 
Table 3 (Contd.). Experimental Results for Moisture Entrainment 
200 psjg 
Banks Air Flow Air Flow Air In Air Air Out Carryover Entrain-
Cu. Ft/Mi n lb,Air/Hin Lb .Water After Lb. "Water Grains merit 
Lb .Air Spray Lb I Air Hater Grains 
Lb.Water 
Lb,Air 
L 200 14 .32 .0073 .0156 .0200 1274 hhi 
h 300 2 1 . 6 5 .0068 -01) (3 .0155 1302 167 
h. Uoo 2 8 . 9 1 .0058 .0122 .0222 3280 2025 
h 5oo 36 *kQ . 0 0 7 1 n Olllt . 018)4 2880 1780 
h 6oo 43*70 O0062 •oil!* . 0 1 7 1 33UO l ? 4 3 
4 700 5 1 . 7 2 „ooh3 0OI02 .0118 2 720 578 
k 800 5 7 . 1 0 . 0 0 6 1 .0122 .0118 2281 0 
3 200 1 4 . 3 9 .0074 .015U .0203 1309 472 
3 300 2 1 . 6 5 .0068 .01U3 .0158 1365 227 
3 4 0 0 29*10 .0053 ,0122 .0226 3520 2120 
3 5oo 3 6 . 6 0 0OO49 .0112 . 0 1 9 5 3710 2125 
3 6oo U3.00 .0062 . 0105 .0163 3039 1750 
3 700 5o.5o .0043 .010)4 . .0113 2U80 283 
3 800 5 7 . 1 0 .0056 . 0 1 2 1 . 0 1 2 1 2600 0 
2 200 H i . 2 9 0OO68 .0156 .0187 1199 310 
3 300 2 1 . 5 0 . 0 0 6 1 .OlzVl .0165 1570 3 6 1 
2 4 0 0 2 8 . 9 0 Ooo55 .0119 . 0 2 2 1 3360 2065 
2 5oo 3 6 , 2 6 .oo5U .0106 .0189 3U30 2110 
3 600 U5.95 0O062 . 0114 .0192 4 1 7 5 2510 
2 700 5 0 . 9 0 .00)43 .0102 .0109 2350 252 
3 800 5 7 . 0 3 ,0052 . 0110 »0109 2365 0 
1 200 3lw35 .0068 .01146 .0168 981 2 2 1 
1 . 300 2 1 . 5 0 0OO68 .0136 .015U 1270 2 71 
1 4 0 0 2 9 . 1 0 .0056 .0106 .020U 3020 1995 
1 5oo 36.UO .0059 .0103 o0186 3265 2118 
1 6oo 4 3 . 0 0 .0059 .0106 . 0193 kdko 2620 
1 700 5o.25 .00l<2 .0098 cOlOl 2070 156 
1 800 5 7 . 0 3 .0043 .0110 , 0 1 0 1 2360 0 
JO 
Table 3 (Contd.). Experimental Results for Moisture Entrainment 
300 psig 
Banks Air Flow Air Flow Air In Air Air Out Carryover E n t r a i n -
Cu.Ft/Min Lb.Air/Min Lb .Water After Lb.Water Grains ment 
Lb \ Air Spra.y Lb. Air Water Grains 
Lb.Water 
Lb.Air 
1* 200 111.31 .0075 .0171 .0220 H55 .1462 
h 300 21o50 Ooo75 -017U ,02 lii 2090 602 
h loo 2 8 . 9 0 .oo57 .01J46 .0199 2970 1110 
h 5oo 35-90 . 0066 ,0136 ,0177 2780 1030 
h 6oo I i3 .20 .0067 . 0 1 3 1 „0158 27U3 820 
h 700 5 l . 6 o .oolu ,0102 , 0 1 0 1 2170 0 
3 200 lh.29 o00h7 . 0180 . 0 2 2 1 1735 ii06 
3 300 21.U2 .007U . 0 1 7 1 .0221+ 2250 750 
3 Uoo 28o90 .0053 .01U1 ,0198 2930 1155 
3 5oo 3 6 . 0 0 .0066 .0136 -0178 2820 1060 
3 600 U3.00 .0067 . 0 1 3 1 .oiiiU 2318 392 
3 700 5 0 . 6 0 .ooia . 0098 „0095 1953 0 
2 200 lh.3k o0075 „ 0 l 8 0 .0221+ 1505 !+3l 
2 300 2 1 . 5 0 . 0 0 7 5 o0175 .0212 2060 ^6 
2 Uoo 2 8 . 9 0 .0052 . 0136 .0188 2 750 1055 
2 5oo 3 6 . 0 0 o0062 . 0 1 3 1 .0166 2620 1610 
.: 600 U2 .00 .0067 .012 5 „0lLt6 2380 633 
2 700 51.U0 .0038 .0091 .0096 2090 72 
1 200 1U.3U . 0 0 7 5 ..017U O0212 1388 38U 
1 300 2 1 . 5 0 a 0075 .0163 .0202 1925 589 
1 loo 2 8 . 8 1 .0064 o012 7 .0185 2UU0 1170 
1 5oo 3 6 , 1 0 .006U ,012 3 <0175 •:8oo 131b 
1 600 13 . 00 „0066 .0122 .0137 2lh0 hS2 
1 700 50 0 20 o006Ii . 0 1 0 1 .0100 1270 0 
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Table 3 (Contd.). Experimental Results for Moisture Entrainment 
UOO psig 
Banks Air Flow Air Flow Air In Air Air Out Carryover Entrain-
Cu.Ft/Min Lb.Air/Min Lb.Water After Lb.Water Grains ment 
Lb.Air Spray lb.Air Water Grains 
Lb .Water 
Lb.Air 
h 200 lk.$h „oo58 .0169 .022 7 1730 589 
h 300 2 1 . 8 0 .0058 .01U7 ,0188 1980 625 
h a 00 2 9 . 1 0 .0058 .0136 .0158 2035 1+1+8 
h 500 3 6 . 3 5 Ooo58 .0128 .011+8 2280 508 
h 600 1*3.1*0 „oo55 .0132 .031*6 2 755 U25 
h 700 h9*99 . 0 0 5 1 .0126 .0122 2I48O 0 
3 200 Hi. 5U .0058 .0169 .0217 1620 1+98 
3 300 21„80 .0058 .011*7 .0186 1950 595 
3 Uoo 2 9 . 1 0 .0058 .0136 .0158 2035 1+2 7 
3 5oo 3 6 . 3 5 .0058 .0128 . O l i d 2170 356 
3 6oo U 3 . 5 1 .0059 .021*6 .0159 30Ul 396 
3 700 5 0 . 8 0 .0050 .0126 .0122 2h90 0 
2 200 ft^U .0058 .0163 .0212 1570 1+98 
2 300 2 1 . 8 0 .0058 .011*1 .0186 1950 686 
2 Uoo 2 9 . 1 0 .0058 .0132 .0157 2035 508 
2 5oo 3 6 . 3 5 .0058 .012 3 .01U3 2190 510 
2 600 1+2.80 ,0068 .0137 .0159 2 730 660 
2 700 5 0 . 6 0 ,ooll6 .0122 .0116 2U80 0 
1 200 ft. Si .0058 oOlli? 0OI90 13hS 1+38 
1 300 2 1 , 8 0 „oo58 .0132 „0l66 1650 520 
1 Uoo 29»10 »oo58 mo ? 
0 **> _L C j 
,0150 1878 51+9 
1 5oo 3 6 . 3 5 .0058 ,01ll'i. o0135 1930 505 
1 6oo 1 L 2 O 6 0 o0062 .0132 .011*3 21+20 329 
1 700 5 0 . 6 5 .00I4O .0109 0 010)4 22I4O 0 
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Table 3 (ContcL). Experimental Results for Moisture Entrainment 
500 psig 
Banks Air Flow Air Flow Air In Air Air Out Carryover Entrain-
Cu.Ft/Min LboAir/Min Lb.Water After Lb.Water Grains ment 
Lb.Air Spray Lb-Air Water Grains 
Lb.Water 
Lb .Air 
1+ 200 H+-55 .0058 . 0 1 8 1 .021+9 1950 693 
1+ 300 2 1 . 8 2 .001+9 „Ol63 .0212 2U90 90i+ 
h l+oo 2 9 . 1 6 . 0 0 5 1 .0152 .0198 3000 9l+0 
h 5oo 36 .32 .00U6 .0132 .0157 2800 637 
h 600 1+3.25 .0050 .0136 .0129 2390 0 
h 700 50 .22 .00U6 .0126 o0123 2 700 0 
3 200 Ik.$5 .0058 . 0 1 8 1 .021+0 1850 600 
3 300 2 1 , 8 2 .00I+9 .0163 .0212 21+90 900 
3 hoo 2 9 . 1 0 .001+9 .-0iU6 .0186 2 790 817 
3 5oo 3 6 . 3 2 „00l+7 .0132 .0160 2870 715 
3 600 1+3.00 .001+8 .0136 ,,0126 2350 0 
3 700 5 0 . 2 0 .001+6 .0126 e 0123 2880 0 
2 200 lk.$3 o0055 .0175 .0239 1875 700 
2 300 2 1 . 8 ^ .00^9 .0157 o0208 21+1+0 781 
2 l+oo 2 9 . 1 0 .001+7 .0136 ,0177 20x5 835 
2 5oo 36MO .00I+7 .0132 .0157 2800 637 
2 600 l b . OQ Oool+1+ . 0 1 3 1 .0126 21+61; u 
2 700 5 0 . 2 0 . 0055 .0119 .0119 2250 0 
1 200 U+.53 . 0 0 ^ 5 0OI69 .0223 1710 550 
3 300 2 1 . 8 0 0O052 .0lh2 . 0197 2210 81+0 
:i Uoo 2 9 . 1 0 .001+7 .012 7 .0168 2 L / 0 835 
1 5oo 3 6 . 5 0 «00l+7 .0122 .0150 2635 716 
1 600 1+3,05 .001+2 .0122 .0120 2350 0 
1 700 5 0 . 1 5 .001+2 .0117 .0116 2590 0 
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APPENDIX C 
GLOSSARY AND SAMPLE CALCULATIONS 
Uo 
Glossary 
Nozzle Bank — Six spray nozzles equally spaced around the periphery 
of the fog-clone in a common horizontal plane. 
Spray Pressure — The water pressure from the high pressure pump on the 
nozzle banks. 
Fog-clone — Name given to the fog-type dust collector for this 
teste 
Carryover — Actual q u a n t i t y of mois ture i n c r e a s e s i n a i r as i t 
pas ses through the fog -c lone . 
Entrainment — Actual q u a n t i t y of mois ture above s a t u r a t i o n tempera-
tu re of leav ing a i r . 
t — Dry bulb temperature. 
tT — Wet bulb t empera tu re , 
Sample Ca l cu l a t i ons 
Given the fo l lowing exper imenta l data fo r mois ture en t ra inment (see 
Table 2 ) : 
Mo. of Water Air Flow Water Barometer Air In Air Air Out 
Banks Pressure Cu.Ft/Min Flow I n . Hg. t ' t After t ' t 
ps ig Cu.Ft/Min °F °F Spray °F °F 
°F 
h 300 500 l.-fa 29-10 % 68 65 82 111 
Find the number of grains carryovei- and the number of grains 
entrainment„ 
Solution:. 
9 Using the fol lowing equa t ions : 
P 
1 . W - 0.625 fcp—T") 
w 
where: 
W* = weight of moisture in one pound of dry air if 
saturated at the wet bulb temperature t'1 
0.625 = specific weight of water vapor 
P = pressure of saturated water vapor at t1 w 
P = barometric pressure. 
h2 
W'h f , - 0.2U(t - V) 
2° w = hf;T * o . ^ ( t - t o 
where: 
W> = 0.625 ( p - T V
) 
w 
h- , = l a t e n t hea t of water vapor a t tempera ture t ' (°F) 
0oU5 = s p e c i f i c hea t of water vapor (BTU/lb, /°F) 
0c2U = s p e c i f i c hea t of a i r (BTU/lb. /°F) 
t - tT = wet bulb depress ion (°F) 
P = s a t u r a t e d vapor p r e s s u r e corresponding to the 
temperature t ! . 
Using the fol lowing t ' s and r e f e r r i n g to the Thermodynamic 
P r o p e r t i e s of Steam by Ifeenan and Keys 
:.-, Air In t ' = 5£% Pw = o.h36, V = 1062 
2D Air Af te r Spray t ! = 65°F, P * 0.622, w h f g ! 
= 10<7 
• s . Air Out t1 = 82 °F, P = 1.102, 
W ' fg
? * IQU? 
¥ ' = °*62^ t-29.lg^.U36) "- 0fl0095 
ws a °°62'> ^9 , iS ' - 2 o .62? ) a ° " 0 1 3 6 
W* - 0.62!; ^ 9 n i o
3 - ° i B i o 2 ^
 = ° * 0 2 l i 6 
w (0.0095)(1062) - 0.2UC13) 
" (1062) + 0 .W(13) 
W B 0.OO66
 l b : / ^ f ^ e 
l b . a i r 
TT (0.0136)( lCg7) - 0 .21(0) 
W 10^7 + O.W(0) 
V = 0.0136 l b " m o i 5 t u r e 
lb. air 
w I0.02U6)(10U7) - 0.2U(29) 
W = ~ 10U7 * O.W(29) 
Now taking entrance conditions to calculate the specific volume of 
air by the orifice. Using the relation 
I RT 




-j = specific volume of air cu. ft/lb. 
R • gas constant 53*3 
T = absolute temperature air in 
P = barometric pressure 
P • pressure of saturated water vapor at t' w 
70,6 = lkh{ok9l) to obtain proper units* 
V - 53.3(U60 + 68) , , g 1 _ f , / l h 
V " 70.6(29-10 - O.U36) ~ 1 3 * 9 1 C u ° f t / l b " 
500 cu. f t /m in , f t n r t n . . /... 
13 .91 CT. f t / l b .
 = 3 ; - 9 u l b - a i r / m n 
Carryover - Air Out ( l b ; M a t u r e } _ ( l b Hoi s t a r e } 
17 x l b . Air ' v l b . Air 
= 0.0177 - 0.0066 = 0.0111 ( l b - M o T s t u r e ) 
l b . Air 
« , ... . A. « , # lb . Moisture> . . . „ . c Tr /lfoe Mois ture \ Entrainment = Air Out ( — = ^ — j ^ -) - Air After Spray (—^—~r^ •) 
= 0.0177 - 0.0136 = O.OOUl ( ^ ; Mois ture } 
l b . Air 
„ ,. _ ,- , , /-lb, Moisture\ , n n n f i b , Air-\ r,rw* Carryover m g r a i n s = O d l l C— l b > A i r ) X 39.90 ( — ^ ) X 7000 
•where 
one pound water = 7000 grains 
- J 780 gra ins / ra in 
Entrainment = O.OOhl ( ^ . M o i ? t w e } (
l b - A i r ) x 7000 
lb . Air a m 
= 1030 grains/mino 
is 
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